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(54) METHOD FOR MODIFYING SURFACE OF ALLOY STEEL FOR MACHINE STRUCTURE, AND SURFACE 
MODIFIED MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for modifying the surface of alloy steel for machine 
structures excellent in fatigue strength under the load condition in which stress ratio is positive, and to provide 
a surface modified material. 

SOLUTION: In this method for modifying the surface of alloy steel for machine structures, the surface of alloy 
steel for machine structures is subjected to vacuum carburizing treatment and is thereafter subjected to two 
step shot peening treatment in which the grain size of shots in the first shot peening treatment is smaller than 
that in the second shot peening treatment to introduce high compressive residual stress into the region directly 
below the surface of the alloy steel for machine structures and further to reduce the surface roughness. 
Moreover, as the prestage of the two step shot peening treatment superrapid-short time heating and rapid 
cooling treatment may be performed. 
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xmz, M&m • &i$M©2iaM&tttta&tt'rift:ftg i 

[»*¥i3] He^>3 7ht:-z>^Ii:L 
T, ->3 7 h W4 0 0 ~8 0 0 (ira0 1 g|®->3 

■y h ^-=.>i/mm^m^rz^ -> 3 - y h&s# i o o. 

[«#«4] ±IBJD^^ffltLT. %j®mfflfcm 

v V tf-- > ifmw&m L T& & C i t 
[»#« 6 ] $tt«^ffl£&tB©«ffit;: *£»EK&a 

£jsu -t©a2«R*ia«©*ffii::. • js^m 

lglOv-a y h&gJ;Dt>2gBc7»3 -y M&€Ert*>h 

C : 0. 15~0. 25wt%, Mn : 0. 40~1. 
OOwtX, Mo : 0. 15~0. 6 Ow t C r : 
0. 05~1. 3 5wt %, N 1 :0. 0 5~2. 00 
wt%. Si:0. 0 3~0. 3 5 w t P:0. 0 
3 0wt%£(T- S : 0. 0 3 0wt^T. Si^F 
e R W>ni*tt«Tifc*»#B 5 XttH|*K 6 (33B« 

[»#«8] 3iSftX*iK#tO. 7-0. 9wt%T 

5 ^e>» 7 «r>m^tE«©*««jfiffl 

£&iH©«ffi&St#. 
[f801©SMBI&Bi91] 
[0 0 0 1 ] 

©«K5ScfWri*fttf*ESfcR#K:«ft0. £H~. »*©* 
[0 0 0 2] 

[«*©S«] #jflg©ii5^^t. 38SI«:£:, RtfRiUffi 
S. gld*fflx>v?>cDigffi^^et!i*© 



(2) 

[0003] att*ffl«*©«#aa££[ia±s-a:*'« 
<, **©«® («s) K«*feaiSi3kHaa*»*sn 

£©*®&R$aa<hLT«, iwIAn 
[0 0 0 4] 

C«M««**UJ:afr4«lll3 -tie 
©MaSrSSLTte SMitfX j£^jit (R) ifiiE 

io o. i) ©ffifa:*#©«f©*»i8»4, tt^io 
o omp aistiB^ a»3fia©5**ifii±*jasn 

[0005] £t±©*«*#itbTi(sesnfc*5ew© 

BWtt, JS#J£#IE©ffifi&#©li#©^#Sign::£ftfc 
iT-s z. iziz$> & <> 

[0 0 0 6] 

\Z, l®§©->3 y h!&gJ:D t)2gBfflya -y hH&g 
*t/jN3ti^;W->3 <y hK— — >^*fl«4JSf t>©T?» 

[0007] «±©^ft[;ctntf. ««^jgffl^^si© 

©£$£I»±T#, ©aS*-*?^ h*£fg 

30 [0 0 0 8] ±EW->3 7 hhf-x>^«aa 
©till:; • £l$ra©;toJI&&?Ma8*:Ml/T*> 

[0009] ±iB^> r ;i/>'3 v v\L-—yy%m 

tLT, ->3-y b&S**4 0 0~8 0 0 (imffllglffl 
0 0/imHTffl2g@ffly 3 7 h bf-->^«ia*!S"f 
[0 0 10] ±|EtnSlft^«ia<hLT, 

40 [ooii] *%i;iiicffi*M**iififfl£&M©& 
isacRim, ^M#tigffl^^©a®ti*^«^ffia^ 

JSL, ^©XS«^«ia^©Sffi{3, lSB»->3 7h 

«cg«tot)2aa©->3 s» httSAt/jx^i^^^a *j 

V tf-X>y'«aa$rSgL.T^-5t>©Tfe ; S)o 
[0.0 1 2] *f!K{r«««tt«|jfiffl'&^a©« 
S5feK«tt, ttl«fl|jiffl^^»j©«iBfr*ffig^}&as 

jniJ»an , &jaa*Jfib, ^-©ins»^«ia^©*sn, 1 

gB0->3 7 h!feSJ;0fe2©g©->3-y httS^/hS 
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So 

[0013] Jw±cD«j£ir=fctt«, nw&momz&m 

So 

[0 0 14] ±B««*Jtffl^*i!©fl:¥i«» 

C : 0 . 15~0. 2 5 w t 96, M n : 0 . 40~ 
1. 0 Owt 96, Mo : 0. 15~0. 6 Owt 96, C 
r:0. 05~1. 35wt%, Nl : 0. 05~2. 
0 Owt 96, Si:0. 0 3 — 0. 3 5wt 96. P: 
0 . 0 3 0 w t 96Jy,T. S : 0 . 0 3 0 w t %£TF> 5S 

[0015] amfcmmmwo. 7-0. 9wt 

[0 0 16] 

[0 0 17] *»W#S#B*W3feb;fc«6*, JS^Jt 
(R) jWE©«fS*fr©i#l;:tt, ttTf^t^t^ & 

Ac. 

[0 0 18] (1) (HV) 

r&]±s*So 

[0019] (2) (i) tmz, mmw.T\zjz2tt.!£m® 

[0 0 2 0] (3) «S!ft5<Z>* I gR* (Stage I ) fr*5 

[0 0 2 1] H±, (1) ~(3) \zm-3^T, R^0©?iff 
«&ft©B#. «ftjftAffi9&ttUfctttttt£fl.£&fl!<Z) 

(D SS*-^fW h (tr ) »©{£$. 

[0 0 2 2] W, CliTffl^Stl«Pigffl-&^»^« 
[0 0 2 3] ®*»JESr*fc«)fCtt. «E**Pft© 

affiiLT. (Vacuum Carburi zing (£TF. V 

[0024] mz. ®zmi$.-f?>rzsb\z\t. SAn^r 



(3) 

4 

i&j&Atl (Contour Induct ionHardening (£AT. C I 
Ac$M#ljgffl£&fHt3, C I H®s^ii-rciirj:o. 

[0 0 2 5] ®~©^I^B#f3^fi!c-rs#©<!:b 

io ->a y he-n>^ (Double Shot Peening (£(T, D 
SPi^t) ) tU ^O, 2®3<Dt!—->>/\zm^ 
£->3 v h&g£ 1 glffle-Z>yi;ffil^->3 y h 
*3tS«k0t)/hSlil 0 0 /tmttTt-rs^tT, flMMI 
iiffl£&§B©«#3£«©fa±©±TM&. *HiST© 

So 

[0 0 2 6] «±^SA, *^Bj|r«S««*jfiffl^r 

&m<DmM&nj]mi$, stir, m^^jfiffl^^si (wia 

20 0. 7~0. 9w t %©VC^a$:igt"o 

[0027] vc«ia«rottii*#|jftffl-&^iH©* 

it, ->3 s> h&Srt*4 0 0~8 0 0 um(D lg:B©v 
ay htf— ->yffla*«fc^->3 htfc£#l 0 0 nm 
JWT© 2 a S © -> a y h e- =. > ^$&a * H^ffiT 21 £ 

[0028] z\z\t. mmmmm^m^xu. it* 
it&iE<Dffim3ift(Dmz&\,*m%mmi!>mj£2tiz&<& 

S. ufflll*fflWi!il,TH «Atf, 
*», C : 0 . 15-0. 25wt%, (ffSKiJO. 1 
8-0. 22wt%, <fc9»*L<H0. 2 0ffil, M 
n : 0. 4 0-1. 0 0 w t 96, tff $ L < tt 0 . 80- 
0. 90wt%, J:Offi;KB0. 85fl(r^, Mo: 
0. 15-0. 60wt%> ffiKHO. 30-0. 
50wtl «t«3»*KttO. 4 0ii, Cr : 0. 
0 5-1. 3 5wt%, JffKttO. 08-0. 12 
wt 96, «k9#*U<W:0. 1 Oft, N i : 0. 0 5 
40 -2. 0 Ow t %, $?£L<te0. 08 — 0. 12wt 
96, <tO5ffL<(i0. 1 0^, S i : 0. 03- 
0. 3 5wt %, $f£L<te0. 0 5 — 0. 0 7wt 
%. P : 0. 0 3 0wt%£TF, S:0. 0 3 0wt% 
£(T, »«*«FeRlPFlsi*^*fi«T** i bO*«*tf6 

ns. 

[0 0 2 9] vciicjai^ttii, aMfliififfl 
£&H©«®&*»TW*an*«iB»#tt»©« (x 

so [0030] set, Dspiiroii^fru mum 
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ha. ^bet©®;*. RztmmmT\zmA2tiz>f£m 

tf-->^MSC0-> 3 y h&S£ 1 0 0 (im£lTCl£ 
Lfc©«. v-3 h&g#l 0 0 //m$M5i:, ft* 

(7). gHffiSW&S (ifffifi$£J:9/h3<-r-5) 

[0032] vcsaa^tcDs p^a^sg-r^t 

T. e-n>^*(cd;0, (a) «««jfffl^^iH©a 
fflaSMJ®, 36ffiA»6«$ 1 0 0 (tmg«iTOl«0 
SSt-Xf N H*!f L<I'>1, (b) Sltt^jfiffl 
£-&$©*®&»W©. ^ffi*©fWS«;£j&«l 0 0 OH 
V£U©fiilS«S£fcO. (c) tKMfllitffl^&ff!©*® 

8 0 0MPa6l±£:««>T»<fc5£#fc, «*©ffiffi 

»0, (c) tt, It®^->3>> Kb!-->^©g&S 
t(a) ©»*t©aft3S*^«t*t>0QT?»*. 
[0 0 3 3] itfjj£©(a) ~(c) ©8&*K,fcO, 

*mm\zmzmwm&m'&&m<D&m&mmz, mint 
ifijE mx-irt, r=o. i) ©^fa*#©P#, «#ig# 

1 8 0 OMP a£U:£&5. £©««, «tt*jfiffl^ 

t, 2fg«±©ffi-e$.^o ^©Bf, *»is*T?i«aiufc 

ttw*T©-«M*;i*#i o7 i©) 
i6ffl£&8!©*ffiem#©&@is*£ii-arr5£, aim 
©•^BEieaajs^jae^FfiT-r**)©'©. wni 

5 0 OMP att±©«*TjSSli£E«gie«^*«?¥ftbT: 
15 0, rtlB©EEIt3SB«*»*ttft»tt*©S9a 

[0 0 3 4] ^fr, ffi©*S£©^©^tt»ififfl^^ 

©*iiiaicR*ffi&tx*iSi&K»J:t>ir»T«Mf *. 
[0 0 3 5] *$tt©&ttl;:fll*ttttW£ffl£&M©& 
ffi&K^ftW:. iter, t8Htfc»ififfl£&iH (0J*.«, g» 

©*Bifc, *®KlH«K3i^fil^0. 7~ 
0. 9w t %<Dvcmw&m-?o 

[0 0 3 6] #.\Z. VC$aa&©$M#tigffl£&SH©Sl 
ffifc. iS&tt • JH5W©C I H&a (iP^m^Ma) * 



(4) 

[0037] c i Hmw&(D®Mm&m&'&m 

©*ffit, ->3 y Mftg#*4 0 0~8 0 0 Atm© lgl 
©->3 y h k°-^>^$&ai3<fctf->3 y h*M&&* 1 0 0 
um£TF©2g@©->3 >^ htf-->^®a^(B^8S-r 

[0 0 3 8] I^T, CIHffiI©»I^#H 

[0 0 3 9] ##l^©^ffifC«3«««£ffll3'&$B©g 
««iiffl^^8S©«iBefeg*&S^*BSBScg«tra^© 

[0040] ip$kM<jmm\z£n\t, vent 
DSPiitroraoigT, c i H&a^srr^tT, 

&*©»iii&K»©*#IS#HK:SKfcS («*.«, * 

OfcXBU . 
[0 0 4 1] 

C r©<g-*»£fg< LT«iiiJI«Ji©fii*'*?ftofcKSfi 
«#*/B§H (*) SS (KT, DSGlISi: 

) Sffllrifc. 3. HT, r®DSGllCDftt*» 
ijfij&«, C#0. 19wt%, Mn*50. 84wt%, 
Mo^O. 4wt%. Cr«S0. 10 7wt%, Ni*' 
30 0. 0 9wtl S i^0. 06wt%. P^*0. 01 
0wt%. *iy!S^0. 0 1 9w t %T&9, JgffiW 

[0 0 4 2] DSG imfr<E>t£Z><t> 8 Omm©#S^. 
J»M»itllPI*!filxT« 1 3 0mmK:»j«Lfc«, jftffi 
8ia*JfiU tf2/A-X«S*J#92 0 0HV©#«tfP 

^©#Pt;«J|iJSPI^S6L, tSJa— Jltf«3, 
ftfttf 3 6 . GmtlA&tfi 17°. milAlfi 1 4 0 3 
0 ' , £J:tfc*— /\*— A— )Vm&l 2 3. 5 8 4mm© 

40 l. j en^*ri«K**i~4<i:L^ (> 

[0 0 4 3] Z.Z.T, «KM1IJVC B 
W<DZh&ffiLtzb<D, «K#*2«VCMaf^irDS P 

#*3ttvc®a^icc i h m%&m&tfiAri) mm 

ZffiLfzb(D, &H&.M3iL4\ZVC®mmzC I H^aSr 
JSb. ^©^. DSPffia^SgLAct>©T*^. 
[0 0 4 4] VC»a©ftlJlftttf|i»llPj»K«k0ff'5t* 

6. 6 7X 1 0~2kPa, *ffiK*«flEfflt»tf[jao. 8 

so wt%tLfe. s^a^frtt. HKc^-rj;^ 
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\Z, 9cf, 12 2 3KT2 8 8 Of5> (4 8») ©«P5#l 
S£fTo£&. 1 1 7 3KT6 0g>© 1 £8ft&9&;K 
L, SHRtfXfciSi&SjtefTS. «^T, 4 3 3KT7 

2 0 0g> (2BSIBJ) ©2*«Ml*«l/. 

[0 0 4 5] CIH&Stt, 0 2 fl^-f J; 5 lr, SfcT, 
JH»R*«3 kHz0RM*ffiK 1. 5g>T9 2 5K 
ST«&a • ^^©inf&SrfT 0. 9^ttC 

U *©H, MSKd<15 0kHz0981ft«lK 

o . 2#t 1 1 3 7 kst«&j« • mmmommzn 

tA, $§A (spray hardening ) £fT5. 

T. S*St«t3kH2 0K««[6fflH, 0. 5g>T4 8 

3K*T«fta'ffl*W©tnJ»*frt>fc«, 2. os>M 

[0 0 4 6] D S P«ll:»t * 1 Ri©i/ a y hC- 
^>^©&#«, ffiftEEAM 9 0 k P a . / X)VWfi 1 
Omm, -/3 7h 0 . 6 mm, -> a y h 
7 0 0HV, 7-^/Wh*50. 3 5mmCT&-5>. * 
fc, 2gl©y 3 y htf-^>^©£#(;i, £SU£#3 
9 2kPa, yX;H^4mm, va-yhWO. 0 
8mm. y3yhSft^7 0 0HV, 7-^A-f 
0. 2 6mmNT$>-5. 

[0047] mm i ) i ~ 4 ©ftisRgis^ 

0WU SSt-^ft'f h (tr ) «*s«fctfa«J6;*J 
(o r ) OjjgJtSffofc. tr S«, v;Wx>*-f ht 

[0 0 4 8] ££T?, ag^-Xft-i h (rR ) «*5 
.fctflSSJSA (o r ) ©ISgftlTtt, flR/hffiX* 

«©«»*iaitbfc. rR *43j;Ota r ©ate 

CHt, XitLTCr-K a «*JHH, A*tX£U©fc* 
-A1IJ0. 3mmtUc„ 
[0 0 4 9] (fit* 2) ftftKMl-4C5UT, ft 

h ffi© • t H3t ffl + 7 h ffi ®# t © M H «f a * ft «f f 

3 2*|!p#ft#5tifc£«;BL7 t c. 2 ftliTOft^SrJfcti, 
*»IS*T?il|jif *K*#»*«2fflT*5^t*>6. ft 
«Btt*«Kt»*»ttll*ttT**. ftffift©*JgR 

2mm) WAt?Kfat©Hfl5**«&T*#. i©HK5*» 
S*7CJfca*lMlliLfc. ft«r*#tt. JS^Jt (R ; o 
mill/ o max ) *0. lt-S. J^&RS: 1 0 H z , Jfc 
ASWBSIEKifeiLfc. M. #*©ft#IEte, ®»ri:T 
©IK 1 0? laltLfcB^OTtftjgUJC^tb^. 

[0 0 5 0] jfe-f. *i5i!kKffl©»tttt3lr»TW«*fT 
5. 

[0 0 5 1 ] (1) 

1 ©«ffiffi£ (Rmax > «6. OjitnT^ 
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fio tttS**2©R max «5. 6wmT*0, ttt£#* 
l«tO^/h$*tlT»ofc. «iS#*3©R,n ax tt 
7. 0/imt*^fe. WIS®<:4©R max tt4. 6 urn 
T&D, «K»*3J:0/.lvS&HT*"3fc. £Ui©*S* 
jfcS. ftKMl, 3fcDSP»a*l*LTfc*#ti* 
*2, 4Ttt, R max JWatcHansctaWtoJ^ofc. 
[0 0 5 2] (2) ^^ffiS^r* 

#«st** i ~ 4 d s g i m t mmm&tfim 
mL^mmmmm^mu (scm4 2 oh (j isi 

10 &) ) a>e>&5#81 (<J>2 5mm, fi£ 1 0 Omm) f~ 

fc. stmmsm^m\z\t. j i s»»khmbix 

©K*IItt, 0. 7 7wt%T&9, BSSW©^^i» 
[0 0 5 3] (3) SSASfliS 

p^s* 4 ©«ffi&stM«^©»r®«t5£0£0 3 
1\ 

20 [0 0 5 4] 0 3 tC^-TJ: o \z, MB** 4 (0 3*© 
3 1) ©SfcJite, tf$te«3 4a»S*J6BB3 
eJS-KSiftSn&VCJi3 2 £, r«AT4ibfc 
CIHI3 3TMStlT^5. ^^T, CIHI33 
©Jf JP«, #)Sgl5 3 5 fcJ*«UT»**3 4CW5FjW»< 

[0055] (4) mm 

«tt*#l, 3, 4©#)gR^©ffl®gi?g0£04tC7K 
-To d ilT, 04 (a) ~ (c) tt, -tn-^nttttft*: 
1, 3, 4©Ii@TS5. 
30 [0 0 5 6] «S4#*l©ffl^«, 04 (a) l:*-TJ: 
$MKv;kr>1M h+7R Tfcofc. VC 

«St**3©ffi^«, 04 (b) ir^-Tct^ 
ir, SfeT^ffl7i7Xtt-T;i/x>-y--i' h + r r Tfeo 

^Ttifc. ^^Id, VC«Q.a43j:tXC I H^a©^^ 

ftBOlUlSWoft. «S#*4©ffi^«, 04 
(c) f'^f totM/i^Xttvil/f^ir-f 
40 h+n T*^fc. «®BT(3«, tttt»*3©«t'5fr 

[0 0 5 7] (5) ISA«US 
#Htt**l, 3, 4©#JSRa5©IB^-7.5 i ^-'r h^S 

^S©S^0*0 5{:^-r o 0 5 (a) 

**1©2 0 Ofg©««0$, 05 (b) , (c) tt« 
1***3, 4©6 0 Offir©«*H&j*bTV>S. * 
-Xft^ h£il&ft*4? (N) tt, J I SM*&l'ipfi!i 

so [OO58]05(a)~(c) Ir^fttiS®*!, 
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3, 4©Nli, -tft-PftNo. 8. 6, No. 13.4 . No. 13. 5 T 

[0 0 5 9] i:T, 1, 3, 4 ©SSSlftg 

fc. ^-©ijg*> ttsa«i£l©d r tt2 0. 3 urn, & 
Kft*3C0d r tt3. 8um, #f=Efc«* 4 © d r tt 
3. 7wmT»-3it. Cn*»6, &ii**3, 4©d 

r tt«*T«»T*4 coDi^fc, d 

i H«ia©=jfc«iAas*t«t*t)©T**. 

[0 0 6 0] (6) h (tr ) MftHi 

##K«*l~4©*Bn&»S©«8a (um) irRi 
(volX) t©n«$:Ei6tc^-r„ BftBtf 

[0 0 6 1]IWWlO*lOriittll. 5vo 

i %T'&ofco *&, tr «©«*<!«, 1 0 0 <t 

mCDfiSTJBO, -€"©«« 2 6. 8vol%T&ofc:. 
[0 0 6 2] «Si#*2©*ffl©rR Itil. 8 vol 

1 6 5 <imCDttiT*4«», 1 tJtfeLT^L 

[0 0 6 3] «I*#*3©*ffi©rR S«2 4. 5vo 
l%tmH>X^<. Mtl*2(DlMIJ:DM«#3 
&. r R »©*Affite. 1 5 /xraOfilTib 

!3. ffflii!3 1. 3volW8ofc. $e>{', r r 
1H IS2 1 O]nm0filBTfe2 1. 2vol%£& 
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